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A method and apparatus for reducing or eliminating 
ring-down artifact in a signal from an intravascular ultrasonic 
(IVUS) imaging system. The method comprises the steps of 
emitting an ultrasonic signal, collecting a return signal which in- 
cludes an artifact component and a blood component, identifying 
a transition region in the return signal (D), determining, for exam- 
ple by FFT analysis, a ring-down artifact pattern in the transition 
region (E) and filtering at least some of the artifact component 
from the return signal (H). The method may further comprise the 
step of initially enhancing the ring down artifact (C) so that it 
may be more easily characterised. 










FOR THE PURPOSES 


OF INFORMATION ONLY 








Codes used to identify States party to the PCT on the front 


pages 


of pamphlets publishing international applications under the PCT. 


AL 
AM 


Albania 


ES 
FI 


Finland 


LS 
LT 


Lesotho 
Lithuania 


SI 
SK 


Slovenia 
Slovakia 


AT 




. FR 




LU 


Luxembourg 


SN 


Swaziland 


AU 




GA 




LV 




sz 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Heizegovina 






MD 


Republic of Moidova 


TG 


Togo 


DB 


Barbados 


GH 




MG 


Madagascar 


TJ 


Tajikislan 
Turkmenistan 


BE 


Belgium 


GN 




MK 


The former Yugoslav 


TM 


BF 


Burkina Faso 


GR 






Republic of Macedonia 


TR 


Trinidad and Tobago 


BG 


Bulgaria 


nu 


fafcmd* 


ML 


Mali 




BJ 




IE 






Mongolia 


UA 


Ukraine 


BR 




IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 




IS 




MW 


Malawi 


US 


United States of America 


CA 




IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 




NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 




NL 


Netherlands 


YU 


Yugoslavia 
Zimbabwe 


CH 




KG 


Kyrgyzstan 


NO 




ZW 


CI 


C6ie d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 








CN 




KR 


Republic of Korea 










cu 


Cuba 


KZ 


Kazakstan 


RO 








cz 


Czech Republic 


LC 






Russian Federation 






DE 


Germany 


U 




SO 








OK 




LK 




SE 








EE 




m 


Liberia 


sc 


Singapore 







WO 00/19904 



PCT/IB99/01S42 



ADAPTIVE CANCELLATION OF RING-DOWN ARTIFACT IN IVUS 
5 IMAGING 

BACKGROUND OF THE INVENTION 
This invention relates to ultrasonic imaging and 
more particularly to suppression of spurious artifact signals 

10 at -ranges close to an excitation source, herein known as ring- 
down artifact. 

Ring-down artifact is caused by transients 
associated with an exciter which cause interference with 
informational signals reflected from sources close to the 

15 exciter (echo signals) . in close-in imaging, such as in 

intravascular structures, undesired ring-down artifact can 
impede accurate imaging. 

One known mechanism for eliminating ring-down 
artifact is to gate on the echo signal so that all artifacts 

20 are eliminated in the close-in region where ring-down is 
expected to occur. However, useful echo signals are also 
eliminated by gating. 

Another method described in U.S. Pat. No. 5,501,082, 
the disclosure of which is herein incorporated by reference, 

25 is to generate a reference scan to develop a long-term average 
and use the reference scan to subtract on all but useful echo 
signals. However, subtraction of a reference scan may also 
remove useful echoes having a time constant of the same order 
of magnitude as the averaged reference scan. Thus subtraction 

30 based on a simple reference scan is inadequate to analyze a 
full range of signal types. What is needed is a more accurate 
technique for identifying ring-down artifact so it can be 
separated from legitimate signals. 

3 5 SUMMARY OP THE INVENTION 

According to the invention, in an ultrasonic in~vivo 
imaging system, ring-down artifact is reduced or eliminated by 
dynamically enhancing the ring -down over a plurality of scans, 
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and then determining the ring -down range by keying on a ring- 
down- to -blood transition characterized by a rapid change from 
high amplitude to low amplitude echoes. A ring-down pattern 
is computed for a single or several A- scans within the ring- 
down range, using for example an FFT analysis, and then 
selectively filtering subsequent images using the recently 
computed ring-down pattern. 

In one exemplary embodiment, the invention provides 
a method for filtering an in-vivo ultrasonic signal. 
According to the method, an ultrasonic signal is emitted and a 
return signal is collected which includes at least an artifact 
component and a blood component. A transition region in the 
collected return signal is then identified, with the 
transition region having the artifact component and the 
artifact component combined with the blood component. A ring- 
down pattern in the transition region is then determined based 
at least in part on the artifact component. Once the ring- 
down pattern is identified, at least some of (and preferably 
substantially all of) the artifact component is filtered from 
the collected return signal based on the ring-down pattern. 

The transition region is preferably identified by 
examining amplitude patterns in the collected return signal. 
For example, the signal may be analyzed to determine a rapid 
change from high amplitude to low amplitude. In many cases, 
the return signal will include a low frequency, high amplitude 
pattern which is indicative of the ring-down artifact, and a 
high frequency, low amplitude pattern which is indicative of 
blood. The point at which such a change is detected is 
referred to as a transition point and divides the signal into 
the transition region and a target or blood region. 

Optionally, spectral patterns in the collected 
return signal may also be examined. Use of the spectral 
patterns can assist in identifying the transition region after 
the transition point has been identified or approximated. 

Conveniently, a catheter is introduced into a body 
lumen and an ultrasonic source is excited within the catheter 
to emit the ultrasonic signal. In another aspect, the 
artifact component is enhanced so that the artifact component. 
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is readily identified. This may be done mechanically by 
repositioning the ultrasonic source. Enhancement may also 
occur electronically or by software. For example, the 
emitting and collecting steps may be repeated at different 
locations to obtain multiple scans. These scans are then 
convolved to dynamically enhance a pattern of ring-down 
artifacts as an accumulated ring-down pattern. 

In another aspect, the ring-down pattern is stored 
for use in analyzing subsequent scans. The stored ring-down 
pattern for is then used for filtering where a ring-down-to- 
blood transition is not found in a subsequent scan. In still 
another aspect, the step of determining the ring-down pattern 
comprises obtaining a Fourier transform of the transition 
region and the blood region of the collected return signal and 
subtracting the transformed blood region from the transformed 
transition region. 

This invention will be better understood by 
reference to the following detailed description in connection 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram illustrating a device 
operative according to the invention for identifying the ring- 
down region. 

Fig. 2 is a graph illustrating a scan having a ring- 
down artifact region a target region and a transition region 
between the artifact region and the target region. 

Fig. 3 is the graph of Fig. 2 showing a ring-down 
pattern in the transition region. 

Fig. 4 is the graph of Fig. 2 with the ring-down 
pattern filtered out. 

Fig. 5 is a graph illustrating another scan 
generated with the ultrasonic source being adjacent tissue. 

Fig. 6 is the graph of Fig. 5 having the ring -down 
pattern of Fig. 3 being filtered out. 

Fig. 7 is a flow chart of the steps according to the 
inventive method. 
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DESCRIPTION OF SPECIFIC EMBODIMENTS 
The invention provides exemplary systems and methods 
for suppressing spurious artifact signals at ranges close to 
an excitation source. Although useful with essentially any 
5 type of ultrasonic system, the invention will find its 
greatest use with ultrasonic imaging elements which are 
disposed within catheters, and particularly, imaging catheters 
employed to produce images of the vascular anatomy. As is 
known in the art, such catheters include an imaging element 

10 that. is held within a housing. As the imaging element is 

excited, transients reflected from the housing interfere with 
the signals reflected from objects within the anatomy, such as 
blood, vessel walls, and the like. The invention is able to 
substantially reduce or eliminate the ring-down artifact 

15 caused by such transient signals. 

Referring to Fig. l, there is shown basic elements 
of a simple intravascular ultrasonic (IVUS) imaging system 10 
providing imaging of the interior 12 of a vascular subject 14, 
as shown in an enlarged cross-section. A catheter 16 contains 

20 electrical conduits 18 that communicate between a transducer 
20 and a console 22 housing an exciter source 24, a receiver 
26 a signal processor 28 with associated controls, the output 
of which is provided to an output device 30, such as a 
television monitor or a computer display or a combination 

25 thereof. The exciter source 24 generates ultrasonic excitation 
signals 32 of a finite duration that are applied to the 
transducer 20, which in turn directs those excitation signals 
32 in a generally-defined directional beam. Ultrasonic 
artifact signal 34 is reflected from the interior of the space 

30 under observation to be intercepted by the transducer 20, 
inducing an electrical report which is recovered by the 
receiver 26 in the console 22. The electrical signals 
recovered are analyzed by a signal processor 2 8 operative 
according to the invention to present an output to the output 

35 device 3 0 which is preferably a reconstructed two-dimensional 
image of the target cross-section displayed in near real-time. 

An exemplary medical imaging system that may be used to 
implement the techniques of the invention is a Galaxy medical 
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imaging system, commercially available from Boston Scientific 
Corporation. 

The transducer 2 0 may be an array disposed around 
the skin of the catheter 16, or a single transducer or 
transducer set which might rotate around the skin of the 
catheter. As is known in the art, the signal which is emitted 
from the transducer is referred to as an A-scan. The detected 
signal along any axis can be reconstructed as the sum of the 
echo and ring-down artifact which is an amplitude as a 
function of time. 

Fig. 2 is a graph of a trace 40, in this case a 
convoluted A-scan, and includes both ring-down artifact and 
echo signal. Such a scan is typical of a scan produced when 
the transducer is separated from a target region (such as 
plaque) by blood. The segment I of trace 4 0 represents pure 
ring-down. The segment R of trace 4 0 represents the portion 
of the overlap of contribution of echo and ring-down, that is, 
the region where echo begins before the transducer 20 settles. 

The combination of segments I and R are referred to as the 
transition region. The segment T is the pure echo without 
ring-down of the target, which in this case is blood. 
According to the invention the ring -down contribution or 
pattern is determined as shown in Pig. 3, then its 
contribution is subtracted from the composite echo signal in 
order to yield a more accurate image of the target area as 
shown in Fig . 4 . 

The ring-down artifact may be characterized in the 
time domain and/or the time domain across consecutive scans: 
several sequential scans are convolved or otherwise averaged 
together to determine the nature of any repetitive artifacts 
while canceling any short-term artifacts. The resultant 
convoluted ring-down pattern (see Fig. 3) is subtracted from 
the current scan report to yield a scan report 42 with ring- 
down effectively eliminated, as shown in Fig. 4. 

The computation of the ring-down pattern is made for 
scans for which the following assumption holds: along the A- 
scan axis, tissue does not intervene between the transducer 
and the blood region nearest the transducer, such as for 
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example, in Fig. 2. Within that range, it is assumed that only 
ring-down and blood echoes are present. The typical transition 
from ring-down to blood echo can be identified by the 
distinction between signals produced by ring-down and produced 
by blood. As shown in Pig. 2, the signals produced by ring- 
down are high amplitude oscillations of relatively low 
frequency. The signals produced by blood are of low amplitude 
and high frequency. The ring-down contribution is represented 
by the crossed hatched area in Fig. 2. 

In a system where the target is located abutting the 
excitation source, the ring-down signal may detrimentally 
overload the finite, lower- amplitude echo from the target 
region. With such scans, the previous assumption does not 
hold because tissue exists near the transducer. As such, a 
previously computed and stored ring -down pattern {such as the 
pattern of Fig. 3) is used for selective filtering. 

Fig. 5 is a graph of a trace 44 where the transducer 
is adjacent tissue. To filter the ring-down artifact, the 
pattern of Fig. 3, which was previously computed, is used for 
selective filtering. The result is illustrated in Fig. 6 
which includes only the signal of the target. 

Referring to Fig. 7, there is shown a flow chart of 
a signal processing technique according to the invention. 
First, the data on a plurality of frames of R-e data is 
collected (Step A) , and the latest frame is preferably 
selected as the current frame for processing (Step B) . 
Optionally, the ring-down artifact may be enhanced so it can 
be more easily characterized (Step C) . This may be done 
mechanically by repositioning the transducer to zero tilt, 
whereas a slight tilt is normally preferred to suppress such 
artifact. Enhancement may also be done electronically or by 
software by the process of convolving several sequential A- 



scans . 



Once the A- scan has been recovered for a frame, the 
A- scan is inspected to determine the presence of the 
transition region of ring-down to blood (Step D) . This can be 
an iterative process of examining the time domain signal 
searching for the boundary between rapid high-amplitude 
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transitions and low-amplitude transitions. The transition 
between the transition region and the blood region is referred 
to as a transition point, such as point 48 on Fig. 2. 

In some cases, such an amplitude analysis may serve 
. only as a first approximation of the transition point. If so, 
a second processes may be employed to further define the 
transition point. For example, the estimated target point may 
be varied and a fast Fourier transform may be performed on the 
target region T and on the transition region I and R (see Fig. 
2) to covert the time-domain data to frequency-domain data for 
each variation. This process may be repeated until consistent 
results are obtained. 

Having found the transition point (and thus the 
transition region) , the ring-down artifact pattern in the 
transition region is computed (Step E) . This may be done 
dynamically by computing the ring-down pattern for one A-scan 
within the ring-down range. A straightforward fast Fourier 
transform (FFT) of the transition region and the target region 
may be used for frequency domain analysis. Such an FFT 
computation can be performed periodically during real-time 
imaging for each individual A-scan following other filtering 
processes, such as blood speckle reduction. Once the FFT 
values are obtained for the transition region and the target 
region, a weighted subtraction is performed to selectively 
filter out the ring down pattern (such as is shown in Fig. 3). 

The ring down pattern is preferably saved, and the filtered 
data is converted back to the time domain to produce the 
signal shown in Fig. 4. 

The ring-down pattern is preferably saved and/or 
updated for use in the cases where a ring-down-to-blood 
transition is lacking, e.g., where there is tissue residing 
next to the transducer (Step F) as shown, for example, in Fig. 
5. If there is no ring-down-to-blood transition present, the 
system checks to see if there is already a ring-down pattern 
available or previously stored {Step G) . if not, the process 
begins again (Step A) until a pattern emerges, e.g., after a 
ring -down- to -blood transition is found. Finally, in A- scans 
having clear ring-down-to-blood transition regions, ring-down 
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artifact is suppressed by a selective filtering, i.e., by 
subtraction of the ring-down contribution from the signal, to 
yield a filtered image (Step H) . As previously noted, under 
conditions where a clear transition is lacking, ring-down 
5 contribution can be subtracted by using the last known ring- 
down pattern. 

The invention has now been explained with respect to 
specific embodiments. Other embodiments will be apparent to 
those of ordinary skill in the art. It is therefor not 
0 intended that the invention be limited, except as indicated by 
the appended claims. 
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CLAIMS 



1 1. A method for filtering an in-vivo ultrasonic 

2 signal, comprising: 

3 emitting an ultrasonic signal; 

4 collecting a return signal which includes at least 

5 an artifact component and a blood component; 

6 _ identifying a transition region in the collected 

7 return signal, wherein the transition region includes the 

8 artifact component and the artifact component combined with 

9 the blood component ; 

10 determining a ring-down pattern in the transition 

11 region based at least in part on the artifact component; and 

12 filtering at least some of the artifact component 

13 from the collected return signal based on the ring-down 

14 pattern. 

15 

}\ 

1 2. The method of claim 1, wherein the identifying 

2 step further comprises examining amplitude patterns in the 

3 collected return signal . 
4 

1 3. The method of claim 2, further comprising 

2 examining spectral patterns in the collected return signal 

3 after examining the amplitude patterns. 
4 

. 1 4. The method of claim 2, wherein the examined 

2 patterns in the collected return signal include a low 

3 frequency, high amplitude pattern indicative of ring-down 

4 artifact, and a high frequency, low amplitude pattern 

5 indicative of blood. 

1 5. The method of claim 1, further comprising 

2 introducing a catheter into a body lumen and exciting an 

3 ultrasonic source within the catheter to emit the ultrasonic 

4 signal . 
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1 6, The method of claim 1, further comprising 

2 enhancing the artifact component so the artifact component is 

3 readily identified. 

1 7. The method of claim 1, further comprising 

2 repeating the emitting and collecting steps at different 

3 locations to obtain multiple scans, and convolving sequential 

4 ones of the scans to dynamically enhance a pattern of ring- 

5 down artifacts as an accumulated ring- down pattern. 

1 8. The method of claim 1, further comprising: 

2 storing the ring-down pattern for use in analyzing 

3 subsequent scans; and 

4 using the stored ring-down pattern for said 

5 filtering where a ring-down-to-blood transition is not found 

6 in a subsequent scan. 

1 9- The method of claim 1, wherein the step of 

2 determining the ring-down pattern comprises obtaining a 

\3 Fourier transform of the transition region and a blood region 

4 of the collected return signal and subtracting the transformed 

5 blood region from the transformed transition region. 

1 10. A method for suppressing ring-down artifact in 

2 an in-vivo ultrasonic imaging system, the method comprising: 

3 exposing a target region to ultrasonic energy; 
identifying a transition region between ring-down 

I artifact and blood by examining amplitude patterns; 

6 determining, from said examining, a ring-down 

7 pattern in the transition region; and 

8 selectively filtering artifact information based on 

9 the ring- down pattern. 

1 11. The method according to claim 10, further 

2 comprising examining spectral patterns to assist in 

3 identifying the transition region. 



4 
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1 12. The method according to claim 10, further 

2 including enhancing ring-down artifact so the ring-down 

3 artifact is readily characterized. 

1 13. The method according to claim 10, further 

2 including : 

3 convolving sequential scans to dynamically enhance a 

4 pattern of ring-down artifacts as an accumulated ring-down 

5 pattern. 

1 14. The method according to claim 10, wherein a low 

2 frequency, high amplitude segment indicates ring-down 

3 artifact, and a high frequency, low amplitude segment 

4 indicates blood. 

1 15. The method of claim 10, further including: 

2 storing the ring-down pattern for use in analyzing 

3 subsequent scans; and 

4 using the ring-down pattern for said filtering where 

5 a ring-down-to-blood transition is not found in a subsequent 

6 scan. 

1 16. The method according to claim 11, wherein said 

2 ring-down characterizing step includes obtaining a Fourier 

3 transform to yield said spectral patterns. 

1 

1 17. An apparatus for suppressing ring-down artifact 

2 in an in-vivo ultrasonic imaging system con^rising: 

3 exciter means for exposing a target region to 

4 ultrasonic energy; 

5 means for identifying a transition region between 

6 ring-down artifact and blood, said identifying means including 

7 means for examining amplitude patterns; 

8 means for determining, from said examining, a ring- 

9 down pattern in the transition region; and 

10 means for selectively filtering artifact information 

11 based on the ring-down pattern. 
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1 18. The apparatus according to claim 17, further 

2 including exciter means for enhancing ring-down artifact so 

3 the ring-down artifact is readily characterized. 

1 19. The apparatus according to claim 17, further 

2 including: 

3 means for convolving sequential scans to dynamically 

4 enhance a pattern of ring-down artifacts as an accumulated 

5 ring -down pattern; 

6 means for storing the accumulated ring-down pattern 

7 for use in analyzing subsequent scans; and 

8 means for using the accumulated ring -down pattern 

9 for said filtering where a ring-down-to-blood transition is 
10 not found. 

1 20. The apparatus according to claim 17, further 

2 comprising means for assisting in the identification of the 

3 transition region by examining spectral patterns. 



2 



21. The apparatus according to claim 20, wherein 
said ring- down determining means includes means for obtaining 

3 a Fourier transform to yield said spectral patterns. 

1 22. An ultrasonic imaging system comprising: 

2 a processor; 

3 a memory to store ultrasonic imaging data, including 

4 a return signal which includes at least an artifact component 

5 and a blood component ,- 

6 a display screen coupled to the processor to display 

7 the imaging data; 

8 code to identify a transition region in the return 

9 signal, wherein the transition region includes the artifact 

10 component and the artifact component combined with the blood 

11 component ; 

12 code to determine a ring-down pattern in the 

13 transition region based at least in part on the artifact 

14 component; and 
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code to filter at least some of the artifact 
component from the collected return signal based on the ring- 
down pattern. 



23. A system as in claim 22, further comprising a 
catheter having an ultrasonic element to produce an ultrasonic 
signal and the collect the return signal. 
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Fig. 1 
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Fig. 3 
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Fig. 4 
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